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v = &(k ,v) /26 M, w is normal to m at u4.



Section):EPs :

Poside
S(+52) does not have asection.

Sahy?

incareHopf the : For a mooth
.

Closed Manifold M SAM)has asection if Ealer charci

O.

A smoth manifold whose targent bundle is tirial is called parallelizable.

Im (Hopf invariant 2) : Only paralleliable spheres are sis' S3
,
st.

which are unitpheresRKsIDoctaneas
in

The multiplication structures in these structures
, help to construct

trivilization of these tangent bundles.

froma constructions :

_
compactopen topolog

for film f : UXF-UVE) <
f: v + Map(FF).

u -> Pro flux*
Pr,f = Pr, U1Proflax (U LinFit))

·

verbuntte finerwill linear -

uxFauxF UXF ->F(x)U-> Map (F,F)

~
(h,+ (U,a,u))

Using this lemma we can build bandles
,patching together trivial

bundles.



E:P :E-B Fiber bundle ,
with Fiber F

· Suchinilizationcover for B
.,

43 : P(U)= UaXF (tivilization
Homeo

· for X
,
B(#1) EA,
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(UV)xF P"(VanU)
> NanUBXF
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>B MI

gas
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· gas = get

·

Eleoge
· Guid

So if we have such g's
,
satisfying thos conditions,

we can retrieve E by E = HUaXF/r (M ,v)-(a, pv)

9 MomBundle: U. = S'North poley
,

Un = S'couth poly
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-I
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L : Ts' is not iso to Mobile
Bundle .

TS' So(s) = S'X RIYos
·

Not connected
.

Mobineisos) ,
still connected



By construction ,
we can give intrinsic example

totangent bundle.

M2 Smarth . 9(UP:R(d)S

gaB : UndUB-GLn(IR) Map (RRY, IRL)

gap(n) : = af
da(n)
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,
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Next goal clarify fundleup to in i
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·
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conversely ,
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F' are compact Hausdroff spaces, if V bE B,

to is home then of is is

EECE
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*
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"'(v) = UXF !

Wedne, I :UX
UXF

F(b,n) = (bib(u) fo isho.

I is home



Imp Group,
(b,

y)=(, ti) F : V -> HmeF, F1) uxits
- &

Ham,HasaP(r) pin
i

eyelManifoldsG +Tn(F)- Tn(E)++(B)+ +u(i)+ --

T
we will use this to compute homotopy groups of stiefel manifolds.

Yn(1K) = the set of orthogonal u frames in RK

= &M,
- - Un) EURh/1VitViYc(SR-12

Wil = I

↑
compact.

Vn(RY) = O(nI, y(PK) = SK-1

temma: P : (H -> Sh-1 is a file bundle with fiber &

(V. . .Un) k Un Un=, (IRK
=1)

.

pi(u) = (X), -- m
, d) Vie let

p(U) - ViXYu(REM)

Y - - m) + (n,
Gszl)

linely independent

Pop : For KmS K-2
,

im Yn-1(-) = #m"r)



M=
(rh -1) -> Yn(RK) m> sk-1

-Im -> Tim Yn-1 (R
*-1) Tm Yn(RK) -> Tim (Skr) ->-

" #

I

Tim depends on K-n
to increase this,

better to look at colim.

Colin Razip
RRMHC--

Sun
.

Yn(R) [In(R
**) -- ClimYCR4YnR

=Yn(IR
*)

Yn : = Colinn (IRK)

Lim: In is weakly contractible.

HmYn = [S2] Si-> Yn = VIn(RY)
-
Yn(RM) for some eact object

for
.

K7h argument.

Hm(RR) = 0.

Tm((n) = 0

Bu arti
PIE-B be an n-clim Vector bundle.

[ sections BE :

FUEB
,

SIM), --- Sn(k) 1 . I EYE is trivlizable.



= Suppose EEBXRY , STB-E
Si(b) = (l

.,
Cis Laris for IRM

= Si's ar L
.
I.

(E) suppose L
.
I Si, -- .,Su exist.

then define P : BXR"-> E
,
define

P(b, (a,. - an)) := (b , ZaiSi(n)

Gr. Mobius strip has no everywhere non-zer section.

grasmanians : Gu(R) = UnCR4/om) = spaceof planes
in IRK

canordered)

Gn(k) = Yn(RY) /O(n) =*, GilIK)=
S"-YOC) ERPU-

Gn(R3) -Gn(RR) ---

Gn =inGu(RR) .

· Gu(RK) isaManifold of dima (K-n).

VEG(IRK)
,
aplane inRK

.

of (k = 1)dim?

Up:= &we Gn(Rk)) wnvt = oh = (IRE-n)"

& : vert (a, wa)) = w(a).

N (=u) (a)1a
-

(k-1) xn matric

&BO) Ne



Bef : G-Toy group.

EG-*
,

with a free Gaction
weakly

BG = EG/G.
=> Gu =BO(n)

Cin = Yu/0(n) I
Tv : Yn(k) -> Y+(R) is O(u) equivariant

(91 . . .(m) (a)
.

. .
an

,
1).

Yn(R)-> V+ (RE) equivariance
Lo(u)40(n+1)at At diagram

Un(R) -> Unt (Re)
MirChe]

E

by taking Gn[GGn+

Colimit
&

BO(n) -> Bo(+1) -this will play a key role

in developement
in K-theory late.

Next Universal
,
bundle

,
classification of ranka bundle by

gasmanians. C


